M-protein and the opacity factor (OF) were both extracted by Lancefield's method from certain types of group A streptococci. The two proteins could not be separated by fractional precipitation with ammonium sulphate, column chromatography or polyacrylamide gel electrophoresis. The OF appeared to be closely associated with the high molecular weight fraction of the M-antigen, and there is some evidence that the two may form part of the same molecule.
' phage-associated ' lysin. All other extracts from M-negative variants were SOR-negative and M-negative. In the SOR-positive extract obtained by phage lysin treatment of M-negative variants, no M-antigen could be detected by precipitin tests, though the extracts contained a protein of similar electrophoretic mobility to the precipitin-positive protein in the extracts of the M-positive variants of the same serotype.
I N T R O D U C T I O N
The ability to produce opacity in horse serum is confined to certain M-types of group A streptococci (Gooder, 1961; Top & Wannamaker, 1968a) . Members of M-types 2, 4, 9, 11, 13, 22, 25, 48 and 49 invariably give a positive serum opacity reaction (SOR), while members of most other M-types give a negative reaction. Mnegative variants of members of SOR-positive serotypes possess an opacity factor (OF) but it can be demonstrated only in the wall-membrane fraction, or in extracts made with phage-associated lysin (Widdowson, Maxted & Grant, 1970) . In M-positive variants, however, the OF passes freely into the supernatant during growth and is readily extracted from cells by various methods including extraction with hot acid (Lancefield, 1928) , which is used conventionally for the extraction of M-antigen.
The OF is protein in nature (Hill & Wannamaker, 1968 ) and its serological specificity corresponds to the M-type from which it was derived, in that it is inhibited by antisera prepared against members of the same M-type but not by antisera for heterologous M-types (Widdowson et al. 1970 ). The correlation with T-antigen pattern
Fractionation and purijtcation procedures
Ammonium sulphate fractionation of crude Lancefield extracts. The M-protein extracted by Lancefield's method was precipitated by bringing the pH of the crude extract (220 ml.) to 2 with 6 N-HC~. This precipitate was dissolved in saline (pH 7.5) and treated with ribonuclease (Lancefield & Perlmann, 1952) . Ammonium sulphate was added to 33 % saturation and the precipitate (P33) collected and dissolved in saline (pH adjusted to 7.5 with I N-NaOH). The supernatant was brought to 60 % saturation with (NHJ2S04 and the precipitate (P60) re-dissolved in saline (pH 7-5).
Opacity factor of streptococci 7= All precipitates and supernatants were dialysed against frequent changes of distilled water for 72 h. at 4". At all stages of fractionation samples of supernatants and precipitates were reserved for M-antigen and OF tests (see below).
Column chromatography on Sephadex G-IOO and G-zoo. Sephadex G-IOO and G-200 (Pharmacia, Uppsala, Sweden) were soaked overnight in distilled water, equilibrated with veronal buffer, pH 8.6 (1.26 g. diethylbarbituric acid + 6-86 g. barbitone sodium/ 1.) at 4", and packed into a column 25 cm. x 2.5 cm. The sample (3 to 5 ml.) was added and washed in twice with its own volume of buffer before elution at a flow-rate of 20 ml./h. (G-200) or 40 to 50 ml./h. (G-100).
Column chromatography on carboxymethyl cellulose (CMC). Carboxymethyl cellulose (Whatman Chromedia CMII) was soaked overnight in water and then washed with several litres of I N-NaOH. After neutralization with I N-HCl the resin was washed in distilled water. The fines were removed by aspiration and the washed resin equilibrated with the starting buffer (0.03 M-sodium acetate buffer, pH 4) at 4" and packed into a column 20 x 1.5 cm. The sample (3 to 5 ml.) was added and the column eluted with 0-1 M-acetate buffer pH 5-5 until the pH of the effluent reached 5.5. Elution was continued with 0.1 M-K phosphate buffer pH 7 until the effluent pH reached 7 ( Fox & Wittner, 1965) .
Polyacrylamide gel electrophoresis. The 7-5 % acrylamide gels (5.0 cm. long x 0.5 cm. diameter) and buffer solutions were made as described by Davis (1964) , except that the large-pore gel was omitted and the sample (200pg. protein) was applied in a 60 % w/v sucrose solution. Electrophoresis was carried out at pH 8.9 and 150 V for 30 min. Gels were stained with I % Amido Black in 7 % (vlv) acetic acid for I h. and destained in changes of 7 % acetic acid for 36 h.
In some experiments, slices (0.25 cm. thick) of unstained gels were moistened with saline and placed in the outer wells of a gel diffusion slide, the centre well of which contained absorbed anti-M serum. If a gel slice contained M-protein, a precipitin line developed. The OF could be detected by the development of opaque areas in polyacrylamide gel slices after 48 h. incubation at 37" in horse serum.
Monitoring of fractions. The protein content of fractions was determined by the method of Lowry, Rosebrough, Farr & Randall (1951) . The extinction at 750 nm. of the sample tubes (0.2 ml. sample+z ml. reagent C+O.I ml. Folin & Ciocalteu's reagent) was read against a blank containing 0.2 ml. of the appropriate buffer in place of the test sample. Protein contents were calculated from a standard curve (E,50/pg. proteinfml.) for bovine serum albumin. Where required, measurements of extinction at 260 and 280 nm. were made in I cm. silica cells in a Unicam SP 500 spectrophotometer. The presence of M-antigen was detected by double gel diffusion in I % (w/v) Ionagar against the specific anti-M serum, and against a heterologous M-antiserum as a control.
Fractions were tested for OF by incubating 0.2 ml. with I ml. of horse serum containing I in 5000 (w/v) merthiolate at 37O for 18 h. After incubation, 1-2 ml. of saline was added to each tube and the opacities were read at 475 nm. in a Unicam SP600 spectrophotometer. Where necessary, fractions were pooled and concentrated in Carbowax before testing for M-antigen or OF.
Detection of M-antigen and OF in various crude extracts and subcellular fractions. Preparations of culture supernatants and the cytoplasmic fraction (Widdowson et al. 1970) were tested for OF and, after concentration, for M-antigen as described above.
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RESULTS
Ammonium sulphate fractionation of Lance$eld extracts. Table I shows the fate of the OF from an extract of a type 49 strain during the process of purification for M-antigen. At every stage in the procedure the opacity factor was found to be inseparable from the M-protein. The final product (P 60 fraction) contained both activities. Some activity (both OF and M-antigen) was also apparent in the P33 fraction. At each stage of purification the protein content was determined (Lowry et al. 1951) and the approximate ' titres' for M and OF activity measured by testing twofold serial dilutions. The overall increase in specific activities in the P60 fraction compared with those of the crude extract was, for both factors, approximately fivefold. When the P60 fraction dissolved in saline was carefully adjusted to pH 5-3 to 5-5, a flocculent precipitate was formed which contained all of the M-protein and all of the opacity-producing material present in the original P 60 fraction.
CMC chromatography of P6o fractions. The P 60 fractions of the M-positive type 49 and type 2 strains were subjected to CMC chromatography with a stepwise pHgradient from 4.0 to 7.0 (Fox & Wittner, 1965) . The resultant chromatogram (Fig. I) for type 49 shows that the protein was separated into two distinct peaks. The first peak emerged as the pH of the buffer approached 5-5, and the second as the pH changed from 5-5 to 7. This was in agreement with the results of Fox & Wittner (1965 , 1969 for other M-antigens. The first peak contained M-protein but the E260,280 ratio for this peak was 1-7 indicating possible contamination with residual nucleic acids. The second peak had an E260,280 ratio close to 1-0, indicating greater purity. The OF, like M-antigen, was detectable in both peaks. The fractions that showed maximum protein content showed both maximum precipitin and maximum SOR activity.
Opacity factor of streptococci 73 The P60 fraction of an M-positive type 2 strain also gave two protein peaks. However, the material in the first peak gave no reaction with the specific antiserum and also had a negative SOR. All the M-protein and OF appeared to be concentrated in the second peak.
G were compared by column chromatography on G-IOO Sephadex. The two extracts gave almost identical patterns from fraction 1 1 onwards, but the extract of the Mpositive variant showed a large peak of high molecular weight material that was completely absent from the extract of the M-negative variant (Fig. 2) . This peak emerged at the void volume (indicating a molecular weight of 80,000 or greater) and contained both the M-precipitin and the SOR activity of the extract. Paired variants of a type 4 strain and a type 22 strain were found to behave in a similar manner.
The high molecular weight material from G-IOO chromatography of the crude Lancefield extract of the type 2 M-positive variant was subjected to CMC chromatography as described for P 60 fractions. The results obtained were identical with those 74
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given by the P60 fraction of this strain. The peak that emerged near to pH 7 contained both the opacity factor and the M-precipitin activity. G-200 chromatography of P6o fraction of type 49. A P60 fraction of the M-positive type 49 strain was applied to a column of Sephadex G-200 (Fig. 3) . Double gel-diffusion tests showed the presence of type-specific M-antigen in all fractions from 10 to 26. Fractions were pooled as indicated in Fig. 3 to give fractions A, B and C. Although all three were capable of precipitating with the specific antiserum, and the identity of the antigen in the separate fractions was apparent from the joining of adjacent precipitin lines, only fraction A, which represented the high molecular weight material from the column, gave a positive SOR. Polyacrylamide gel electrophoresis. A P 60 fraction and the G-200 fractions A, B and C of type 49 were subjected to polyacrylamide gel electrophoresis (Fig. 4) . Fraction A had a darkly staining band of low mobility which was also present, though less darkly stained, in the original P 60 fraction. The faster moving bands of the P 60 fraction also appeared in fraction C but were virtually absent from A. However, C had no upper darkly staining band and the stained material began and ended lower down the gel than with fraction A. Stained polyacrylamide gels of fraction B were fainter but more or less identical with those of fraction C. 
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Slices (0.25 cm.) of unstained acrylamide gel from the P60 fraction showed positive M-precipitin reactions for all protein bands by double gel diffusion (slices I to 12). However, only those corresponding to the top band (slices 2 to 6) showed any evidence of the opacity factor when incubated in horse serum. Faster moving bands were SORnegative. When the G-200 fractions were compared in this way, fraction A showed precipitin lines only in slices from the top 2 cm. (slices 2 to 8) slice 4 or 5 and extended to slice 12; fraction A showed SOR-positive material in slices 2 to 6. All the bands in fractions B and C were SOR-negative. These findings are summarized in Table 2 .
Detection of M-antigen and the opacity factor in various extracts and subcellular fractions of M-positive and M-negative variants.
The OF and M-antigen were both extracted by Lancefield's method from M-positive strains and had proved difficult to separate by the various methods described above. Previous work (Widdowson et al. 1970) has shown that the OF is detectable in the growth supernatant and various extracts of M-positive but not of M-negative variants. However, treatment of either variant with phage-associated lysin released SOR-positive material from the cell walls. We therefore tested growth supernatants, cytoplasm, deoxycholate extracts and ureamercaptoethanol extracts of both M-positive and M-negative variants of several different serotypes for the presence of M-antigen. In each case the SOR-positive Opacity factor of streptococci 77 Extracts with phage-associated lysin of both M-positive and M-negative variants of SOR-positive serotypes contain the opacity factor, and since all other preparations which contained the OF had proved to contain precipitating M-antigen, we attempted to detect M-antigen in crude phage-associated lysin extracts of M-positive and Mnegative variants of members of various serotypes. Crude phage-associated lysin extracts were concentrated in Carbowax and tested in double gel diffusion tests against the appropriate absorbed antisera. Lines of identity with purified M-antigen were seen in the extracts of M-positive but not of M-negative variants. Ammonium sulphate was added at 60 % saturation to the phage lysin extracts of the M-positive and M-negative variants of a type 49 strain. The P60 fraction was dissolved in saline at pH 7-5 and the pH carefully adjusted to 5-5 by the addition of 0.2 N-HCl. In all cases the flocculent precipitate which was obtained was separated and redissolved in saline at pH 7-5. All the fractions were dialysed against distilled water for 72 h. at 4". All of the SOR activity in both variants appeared in the fraction precipitated at pH 5-5 (P 5-5).
The fractions were also tested for precipitating M-antigen and this was found in the P60 fractions and the P 5-5 fraction of the M-positive variant only. Similar results were obtained with the M-positive and M-negative variants of another SOR-positive type (type 11). Purified fractions from M-positive and M-negative variants of SORnegative serotypes (types 12 and 6) also had detectable M-antigen in the P60 and P5-5 fractions of the M-positive variant only.
The P5-5 fractions of M-positive and M-negative variants of a type I I strain were subjected to polyacrylamide gel electrophoresis (see Fig. 6 ). The P 5-5 fraction obtained from the phage lysin alone contained very little protein, and this appeared as a faint band about two-thirds of the way down the gel. All the other bands in the P 5.5 fractions obtained from the phage lysin extracts of the group A strains should therefore = Intensely stained band; E l = less intensely stained band; = = faint band; --faint narrow band.
-
DISCUSSION
We have obtained further evidence of a close association of M-antigen and OF in M-positive variants of group A streptococci that belong to SOR-positive serotypes. Not only do the two proteins have a corresponding type-specificity, but the M-antigen can be demonstrated in all extracts of M-positive variants in which the OF is present, and the treatment of acid extracts by methods traditionally used for the purification of M-antigen, such as ammonium sulphate fractionation (Lancefield & Perlmann, 1952) and CMC chromatography (Fox & Wittner, 1965) fail to separate the two antigens. The results of chromatography on Sephadex G-200 and the polyacrylamide gel electrophoresis with a purified P60 fraction of a type 49 strain indicate that there is indeed a very close chemical relationship between M-antigen and the opacity factor, but that the ability to produce SOR is associated only with the large molecular weight fraction of acid-extracted M-antigen. Fox & Wittner (1969) suggested that the M-protein extracted by hot acid (molecular weight 20,000 to 30,000) is a fragmented product of a larger protein present on the cell wall. They obtained a serologically more active P60 fractions of our acid extracts contained a large proportion of high molecular weight material as well as some smaller but still serologically active fragments. In our experience there are also considerable differences between the G-I 00 chromatograms of crude acid extracts of different serotypes. SOR-positive serotypes usually have chromatograms similar to that shown in Fig. 2 , with a sharp peak of serologically active, SOR-positive material emerging at the void volume. On the other hand extracts of certain other M-types, notably type 12, have no peak at the void volume and the fractions showing precipitation with absorbed anti-M serum cover a much wider range of smaller molecular weights. Our results do not entirely exclude the possibility that the factor responsible for the production of serum opacity may be a minor contaminant of our purified M-protein preparations, but it seems much more likely that the two activities reside in the same protein molecule. If this is so, however, SOR activity appears to be lost when the M-antigen is fragmented by hot acid. Furthermore, the antigenic determinants for the two activities appear to be different. Antisera can be prepared that neutralize the serum opacity reaction but have little or no M-type precipitin activity, and many good anti-M sera have no anti-SOR activity. This is similar to the situation in which certain sera prepared against purified M-antigens show good mouse protection but no bactericidal action (Brighton, 1966) .
Despite our inability to separate the OF from the M-antigen in the laboratory, M-negative variants of SOR-positive streptococci possess an OF antigenically identical to the OF of the corresponding M-positive variant, though it can be released from the cell only by treatment with phage lysin. Although we were unable to detect any M-antigen in the phage-lysin extracts of these M-negative variants by the precipitin reaction, the electrophoretic patterns of the partially purified extracts appear to be identical with those of the corresponding extracts of the M-positive variants. This suggests that the M-negative variants may possess at least part of the M-protein molecule.
